ABSTRACT. In Thai traditional medicine, Moringa oleifera is used for the treatment of diabetes and hyperlipidemia. Oxidative stress plays a major role in the pathogenesis of many degenerative diseases, such as hyperlipidemia, diabetes mellitus, and cardiovascular disease. We evaluated the antioxidant effect of M. oleifera extract (MOE) for reduction of advanced glycation end-product (AGE) formation, cell viability, oxidative stress, and lipid metabolism gene expression in HepG2 cells. We found that the lyophilized form of MOE in 80% ethanol possessed mean (± SD) total antioxidant, polyphenolic, and flavonoid contents of 9307 ± 364 TE mM/kg dry mass, 218 ± 1 GE mM/kg dry mass, and 286 ±12 QE mM/kg dry mass, determined using an oxygen radical absorbance capacity assay, a Folin Ciocalteu phenol assay, and a total flavonoids assay, respectively. Concentrations of 2.5-10.0 mg/ mL MOE could inhibit AGE-formation by 10-45%, and 100-1000 mg/L MOE reduced intracellular oxidative stress (P < 0.05) in a dose-dependent manner in the DCFH-DA assay. However, MOE induced cytotoxicity at high doses (2000-3000 mg/L), as shown by the MTT assay. MOE significantly downregulated the mRNA expression of the HMG-CoAR, PPARα1, and PPARγ genes (P < 0.05). We concluded that M. oleifera could have benefits for human health by reducing oxidative stress and AGE formation. Moreover, M. oleifera may reduce cholesterol and lipid synthesis by suppression of HMG-CoAR, PPARα1, and PPARγ gene expression, thereby maintaining lipid homeostasis.
INTRODUCTION
Moringa oleifera is an important tropical crop that is used as a vegetable and in herbal medicine. All parts of M. oleifera can be used in Thai traditional medicine to treat human diseases (Chumark et al., 2008) . Oxidative stress plays a major role in the pathogenesis of many degenerative diseases induced by free radicals, such as hyperlipidemia, diabetes mellitus, and cardiovascular disease. M. oleifera leaves appear to prevent oxidative damage by increasing the levels of liver antioxidant enzymes such as superoxide dismutase, catalase, glutathione peroxidase, glutathione transferase, and glutathione reductase; increases the levels of glutathione (GSH); and significantly reduces lipid peroxidation and antihepatotoxicity (Verma et al., 2009; Uma et al., 2010; Moyo et al., 2012) . This plant possesses antioxidant, hypoglycemic, hypolipidemic, and antiatherosclerotic activities, which may prevent cardiovascular diseases in rabbits (Chumark et al., 2008) .
Advanced glycation end-product (AGE) formation in the body involves non-enzymatic reactions between high blood glucose and free amino groups in proteins, lipids, and nucleic acids through a series of reactions forming Schiff bases and Amadori products (Sato et al., 2006; Takeuchi et al., 2010) . AGE are products of both lipid peroxidation and glycoxidation reactions (Fu et al., 1996) . Dietary advanced glycation end products (dAGEs) are commonly found in heat-processed animal-derived foods. Excess dAGEs in food are known to increase oxidative stress and inflammation, which are linked to chronic diseases. The pathological effect of dAGEs is similar to that of AGE formation in diabetic patients (Uribarri et al., 2005) . Increased AGE content has been implicated in several chronic diseases, including diabetesrelated complications such as renal diseases, retinopathy, neuropathy, cardiovascular diseases, and delayed wound healing (Luevano-Contreras et al., 2013) . M. oleifera might have an inhibitory effect on AGE formation, which could prevent diabetic complications.
The regulation of lipid homeostasis is related to the activity of 3-hydroxy-3-methylglutaryl-CoA reductase (HMG-CoAR), the rate-controlling enzyme of cholesterol synthesis inside the cells. A membrane receptor, low-density lipoprotein receptor (LDLR), is controlled by cholesterol levels inside the cell, and acts to remove LDL-cholesterol from the blood circulation, which contributes to decreased plasma cholesterol levels (Powell and Kroon, 1994) . The nuclear membrane receptors, such as peroxisome proliferator-activated receptors [PPAR (α1, γ) ] and the liver X receptor α (LXRα) are important regulators of cholesterol, fatty acid, and adipocyte differentiation. Many studies have shown that the PPARs and LXRα pathways regulate lipid homeostasis and metabolic syndrome via both induction and suppression of target genes. These nuclear receptors are transcriptional factors that modulate the expression of genes relevant to the control of blood lipid and glucose homeostasis (Willson et al., 2001; Bays and Stein, 2003; Kaul et al., 2005; Calkin and Tontonoz, 2010) . Although M. oleifera is known to reduce hyperlipidemia, the precise mechanism underlying this remains unclear. The aim of this study was to determine the effect of M. oleifera on the reduction of oxidative effects by using an antioxidant assay and an inhibition of AGE formation assay. Cell viability was investigated with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. Oxidative stress was determined using the dichloro-dihydro-fluorescein diacetate (DCFH-DA) assay, and the ability of M. oleifera to modulate the expression of lipid metabolism genes such as HMG-CoAR, LDLR, PPAR (α1, γ), and LXRα was determined in HepG2 cells using reverse transcription-polymerase chain reaction (RT-PCR).
MATERIAL AND METHODS

Chemicals
Folin Ciocalteu phenol (FCP) reagent, MTT, ethidium bromide, 2',7'-DCFH-DA, Trolox, quercetin, gallic acid, and amino guanidine were purchased from Sigma-Aldrich (St. Louis, MO, USA). Dulbecco's modified Eagle's medium (DMEM), with 4 mM glutamine and 4500 mg/L glucose without sodium pyruvate, fetal bovine serum (FBS), and 1X 0.25% EDTA-trypsin were obtained from Thermo Scientific HyClone (Logan, UT, USA). The TRI reagent was purchased from Molecular Research Center, Inc. (Cincinnati, OH, USA). The RNase inhibitor, 100-bp DNA ladder, deoxyribonuclease I, and primers were all purchased from Bio Basic, Inc. (Ontario, Canada). The M-MuLV reverse transcriptase was purchased from Finnzymes, Inc. (Espoo, Finland). Amphotericin B (Fungizone) and penicillin-streptomycin solutions came from Biochrom AG (Berlin, Germany). All other basic reagents were of analytical grade.
Preparation of HepG2 cells and biological analysis
The HepG2 cell line was kindly donated by Associate Professor Dr. Parvapan Bhattarakosol, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand. HepG2 cells were grown in DMEM supplemented with 4 mM glutamine, 4.5 g/L glucose, 10% heat-inactivated FBS, 0.1% amphotericin B (Fungizone), and 1% penicillin-streptomycin, and were maintained at 37°C in a humidified atmosphere in 5% CO 2 . The culture medium was changed twice a week, and the cells were subcultured once a week. The cells were seeded at a density of 1 x 10 6 cells/well on 6-well plates with a final volume of 5 mL/well for the RT-PCR assay and at 1 x 10 4 cells/well on 96-well plates with a final volume of 0.2 mL/well for the cell viability tests using the MTT and oxidative stress (DCFH-DA) assays, respectively.
Preparation of M. oleifera extract
The M. oleifera leaves were collected from an herb garden in Bangkok. The voucher specimen was botanically identified and designated with herbarium number 013521 (BCU) by the Botany Department, Faculty of Sciences, Chulalongkorn University, Bangkok, Thailand. The M. oleifera extract (MOE) was prepared from dried M. oleifera leaves. In brief, 10 g leaves were milled and extracted in 1000 mL 80% methanol in water. This mixture was shaken in an ultrasonic bath for 60 min at 40°C, cooled, and stored in the dark at 4°C for 2 days, after which the sediment was removed by centrifugation at 3000 rpm for 15 min. The extract was concentrated using a vacuum rotary evaporator at 50°C and then freeze-dried giving a yield of ~2 g dried extract. This dried extract was kept in a deep freezer at -80°C until use.
Determinations of antioxidants in MOE
To investigate antioxidant levels in MOE, an oxygen radical absorbance capacity (ORAC) assay, an FCP assay, and a total flavonoids assay were used for determination of antioxidant properties.
ORAC assay
This assay was performed based on the procedure described by Davalos et al. (2004) with some modifications. It was used to measure the oxidative degradation of the fluorescent molecules after being mixed with the free radical generator, 2,2'-azobis (2-amidinopropane) dihydrochloride (AAPH). Antioxidants can protect fluorescent molecules from oxidative degradation. Briefly, 153 mM AAPH (in phosphate buffer, pH 7.4) was freshly prepared. A 40-µM fluorescein stock solution was prepared in phosphate buffer and stored at 4°C. Immediately prior to use, the fluorescein stock solution was diluted 1:1000 with buffer. In addition, blank wells of a 96-well plate received 25 µL buffer while standards received 25 µL Trolox solutions (10, 20, 30, 40, 60 , and 80 mM) and samples received 25 µL appropriate diluted samples. Next, 150 µL working fluorescein solution was added, and the solutions were mixed for 5 s. The plate was equilibrated by incubating for a minimum of 10 min at 37°C in the Wallac 1420 VICTOR2 Multilabel Counter (Perkin Elmer Life and Analytical Sciences, Finland). Twentyfive microliters AAPH solution was then added to initiate the reaction, followed by shaking for 10 s. Then, the fluorescence was kinetically monitored, and data ware recorded every minute using 485 nm for excitation and 535 nm for emission. The plate reader 1420 VICTOR2 was controlled with the Wallac 1420 software, version 3.00. The fluorescence of each well was measured every minute for 35 min. ORAC values were calculated using the area under the curve (AUC). The AUC and the net AUC of the standards and samples were determined using the Wallac 1420 software with the following equations:
Net AUC standard = AUC standard -AUC blank Net AUC sample = AUC sample -AUC blank
The loss in fluorescence can be assessed by measuring the AUC of the kinetic plot at each concentration. The greater the extent of florescent decay, the smaller the expected AUC value. When net AUC values were calculated from these kinetic curves and plotted against Trolox concentration, a linear relationship was observed. The results are reported as Trolox equivalents (TE) mM/kg dry mass. The total antioxidant level in MOE was determined in triplicate.
Equation 1
Equation 2 FCP assay A modified FCP assay (Singleton et al., 1999 ) was used to determine polyphenolic contents. Briefly, 500 µL sample or standard was mixed with 500 µL 10% FCP reagent, allowed to stand for 20 min, mixed with 350 µL 10 mM Na 2 CO 3 , and allowed to stand for 20 min. During this period, the solution turned blue in color and then absorbance was read at 750 nm using gallic acid as the standard with various concentrations: 1. 562, 3.125, 6.25, 12.5, 25 , and 50 mg/L. The results are reported as gallic acid equivalents (GE) mM/kg dry mass. The total polyphenolic content in MOE was determined in triplicate.
Total flavonoids assay
Total flavonoid contents in the herbal extract were determined by colorimetric reaction (Zou et al., 2004) with some modifications. Each 0.5 mL aliquot diluted sample or standard (Quercetin) was added to 0.15 mL 5% NaNO 2 solution. After 6 min, 0.15 mL 10% freshly prepared AlCl 3 solution was added and allowed to stand for 6 min, and then 0.5 mL 1.0 M NaOH was added. The final volume was adjusted to 2.5 mL with distilled water, thoroughly mixed, and allowed to stand for another 15 min. Absorbance was determined at 510 nm against the reagent blank. Total flavonoid content is reported as Quercetin equivalents (QE) mM/kg dried mass. The total flavonoid content in MOE was determined in triplicate.
Inhibition of AGE formation assay
The formation of AGE was assessed using the fluorescence method (Matsuura et al., 2002) with some modifications. Briefly, 20 µL various concentrations MOE, amino guanidine (inhibitor), or phosphate buffer was added to the freshly prepared reaction mixture containing 400 µL 1 mg/mL bovine serum albumin (BSA) and 80 µL 1.0 M glucose in phosphate buffer, pH 7.4. The reaction mixture was incubated at 60°C for 72 h (except for the control blank and test blank, which were kept at 4°C), and was stopped by adding 25 µL 100% trichloroacetic acid (TCA) (w/v). The TCA-added mixture was kept at 4°C for 10 min before centrifugation at 10,000 g. The precipitant was dissolved with 1.0 mL alkaline phosphate buffer saline, pH 10, and the amount of glycated BSA was immediately measured based on fluorescence intensity with a spectrofluorometer (Perkin Elmer Enspire 2300 Multilabel Reader). The excitation and emission wavelengths used were 370 nm and 440 nm, respectively. The AGE content in MOE was determined in triplicate.
MTT assay or cell viability of HepG2 cells
HepG2 cell viability was assessed using the MTT assay as previously described by Twentyman and Luscombe (1987) . Briefly, following the cell treatments, HepG2 cells in each well of the 96-well plate were subjected to MTT reagent by mixing with 20 µL MTT solution [5 g/L in phosphate-buffered saline (PBS), pH 7.4], and incubated at 37°C in 5% CO 2 for 4 h. After the medium was removed, 150 µL 50% ethanol in dimethyl sulfoxide was added to each well to dissolve the Formosan product, and the absorbance was measured at 550 nm. Since the reduction of MTT occurred in active cells, the level of activity reflected the proportion of viable cells. The percentage of cellular activity was calculated according to the following formula: Cellular activity (%) = [(absorbance of treatment group -blank/absorbance of control group -blank)] x 100. All samples were analyzed in triplicate.
DCFH-DA assay for oxidative stress
The DCFH-DA assay was used for measuring intracellular oxidative stress of HepG2 cells (Wang and Joseph, 1999) . Briefly, following the cell treatments, HepG2 cells were centrifuged for 10 min at 2500 rpm and then washed three times with PBS, pH 7.4. The cells were mixed with 100 µL 100 mM DCFH-DA in PBS, and incubated for 90 min at 37°C in a humidified 5% CO 2 atmosphere. The non-ionic, non-polar DCFH-DA crossed cell membranes were hydrolyzed by intracellular esterases to non-fluorescent dichlorofluorescin (DCFH). In the presence of reactive oxygen species (ROS) inside the cells, DCFH was oxidized to the highly fluorescent, dichlorofluorescein (DCF). The cells were centrifuged for 10 min at 2500 rpm and then washed three times with PBS, pH 7.4. The fluorescent measurement was monitored using the Perkin Elmer Enspire 2300 Multilabel Reader at 485 nm and 535 nm for excitation and emission, respectively. Therefore, the intracellular DCF fluorescence could be used as an index to quantify the overall level of oxidative stress in the cells. The percent cellular oxidative stress was calculated according to the following formula: cellular oxidative stress (%) = [(fluorescence of treatment group -blank/fluorescence of control group -blank)] x 100. All samples were analyzed in triplicate.
Detection of lipid metabolism gene expression using RT-PCR
The expression of lipid metabolism genes, including the LDLR, HMG-CoAR, PPAR (α1, α2, γ), and LXRα genes, in HepG2 cells was analyzed using the RT-PCR method according to previous reports (Powell and Kroon, 1994; Kaul et al., 2005) with slight modifications. Briefly, 1 x 10 6 HepG2 cells suspended in DMEM on 6-well plates were mixed with MOE (0 to 600 mg/L with 0 = control). After incubation for 29 h at 37°C in a humidified 5% CO 2 atmosphere, total RNA was isolated from HepG2 cells using the TRI reagent following the manufacturer protocol. Purity and quantity of total RNA were determined using agarose gel electrophoresis and a spectrophotometer. cDNA synthesis was performed using 2 mg total RNA, random primers, and M-MuLV-reverse transcriptase at 42°C for 1 h. Subsequently, PCR was carried out using specific primer pairs in order to generate PCR products, which were the 258-bp LDLR primers (sense 5'-CAATGTCTCACCAAGCTCTG-3'and antisense 5'-TCTGTCTCGAGGGGTAGCTG-3'), the 247-bp HMG-CoAR primers (sense 5'-CTTGTG TGTCCTTGGTATTAGAGCTT-3' and antisense 5'-TTATCATCTTGACCCTCTGAGTTA CAG-3'), the 728-bp PPARα1 and the 525-bp PPARα2 primers (sense 5'-AGTCTC CCAGTGGAGCATTGAACA-3' and antisense 5'-ATACGCTACCAGCATCCCGTCTTT-3'), the 434-bp PPARγ primers (sense 5'-AGCCTCATGAAGAGCCTTCCAACT-3' and antisense 5'-TGTCTTTCCTGTCAAGATCGCCCT-3'), the 818-bp LXRα primers (sense 5'-AACCCACAGAGATCCGTCCACAAA-3' and antisense 5'-ATTCATGGCCCTGGAGAA CTCGAA-3'), and the 656-bp β-actin primers (sense 5'-ACGGGTCACCCACACTGTGC-3' and antisense 5'-CTAGAAGCATTTGCGGTGGACGATG-3'). RT-PCR products along with a DNA ladder were electrophoresed on an agarose gel and visualized by ethidium bromide staining using a gel documentation system. For data analysis, the GeneTools software 3.08 (SynGene, Cambridge, UK) was utilized. The expression of genes was normalized to that of β-actin, and data for treatment with each MOE concentration are reported as fold-change in normalized mRNA expression relative to that of the no MOE treatment (control).
Statistical analysis
All data are reported as means ± SE of at least three independent experiments. Statistically significant differences between control and treated groups were evaluated by one-way analysis of variance (ANOVA) in SPSS version 11.0 for Windows, followed by least significant differences statistical tests. The P-value was two-tailed, and P < 0.05 was considered to be statistically significant when comparing the data sets.
RESULTS
Determinations of total antioxidants and inhibitory effect of MOE on AGE formation
We found that the lyophilized form of MOE in 80% ethanol possessed total antioxidant, polyphenolic, and flavonoid contents of 9307 ± 364 TE mM/kg dry mass, 218 ± 1 GE mM/kg dry mass, and 286 ± 12 QE mM/kg dry mass using the ORAC assay, the FCP assay, and the total flavonoids assay, respectively (Table 1) . At 2.5-10.0 mg/mL concentrations, MOE could inhibit 10-45% AGE formation in a dose-dependent manner (P < 0.05). In contrast, 33.0 mM or 4.492 mg/mL amino guanidine, an AGE inhibitor, inhibited AGE by 50 ± 0.5% (Table 2) Table 1 . Total antioxidant, polyphenolics, and total flavonoids contents in Moringa oleifera extract (MOE) using ORAC assay, FCP assay and total flavonoids assay, respectively.
Values derived from means with their standard error (SE). All experiments were performed at least in 2 triplicates. TE = trolox equivalent, GE = gallic acid equivalent, QE = quercetin equivalent. HepG2 cells treated with varying concentrations of MOE (0 -10 mg/mL; 0 = control) was evaluated using AGE formation assay and amino guanidine was used as an inhibitor. Values are reported as means with their standard error (SE). All experiments were performed in triplicate (N = 3). *P < 0.05 for significant change in AGE formation as compared to control (untreated).
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Effect of MOE on cell viability and oxidative stress in HepG2 cells
According to the HepG2 cells viability test, MOE at the 2000-3000 mg/L concentration range significantly reduced the numbers of living cells (P < 0.05) using the MTT assay ( Figure 1A) . Oxidative stress induced ROS production, as determined by the DCFH-DA assay, and HepG2 cells treated with >100 mg/L MOE significantly reduced oxidative stress in a dose-dependent manner (P < 0.05) upon incubation for 29 h (Figure 1B ). 
Effect of MOE on the expression of lipid metabolism-related genes in HepG2 cells
With regard to the mRNA expression of lipid metabolism genes (Figure 2 and Table  3 ), 600 mg/L MOE significantly reduced the expression of the HMG-CoAR, PPARα1, and PPARγ genes in HepG2 cells (P < 0.05). No difference in mRNA expression in response to various concentrations of MOE was observed for the LDLR and LXRα genes. The expression of PPARα2 mRNA was detected simultaneously when using the PCR primer pair for PPARα1 mRNA, which was not of interest in the present study since it is known to be an inactive isoform. 
DISCUSSION
We found that the lyophilized form of M. oleifera extract in 80% ethanol possessed total antioxidant, polyphenolic, and flavonoid contents of 9307 ± 364 TE mM/kg dry mass, 218 ± 1 GE mM/kg dry mass, and 286 ± 12 QE mM/kg dry mass using the ORAC assay, the FCP assay, and the total flavonoids assay, respectively. The high performance liquid chromatography analysis of MOE indicated the presence of the bioactive compounds kaempferol, quercetin, ru-tin, and gallic, chlorogenic, ellagic, and ferulic acids (Verma et al., 2009) . Therefore, the therapeutic effects of M. oleifera may be due to the combination of various bioactive compounds. M. oleifera leaves could prevent excessive oxidation of macromolecules such as DNA, proteins, and lipids (Chumark et al., 2008; Uma et al., 2010; Moyo et al., 2012) . The major chemicals of oxidative stress are ROS and free radicals. All cells can fight against this stress through the actions of antioxidant enzymes such as catalase, superoxide dismutase, glutathione peroxidase, and reducing molecules such as glutathione. Exogenous antioxidants, such as vitamins A, C, and E, also provide protection from oxidative stress (Limon-Pacheco and Gonsebatt, 2009) . MOE was found to inhibit AGE formation in a dose-dependent manner (P < 0.05). With respect to achieving good glycemic control, a diet combination that reduces AGE consumption should be the target for management of diabetic patients. High blood glucose can auto-oxidize to form hydrogen peroxide and ketoaldehyde compounds in the presence of transition metal ions, which then accelerates the formation of AGE (Wolff et al., 1991) . AGE could modify LDL cholesterol levels, which becomes easy to oxidize, is deposited in vessel walls, and finally causes plaque formation. These particles are easy to oxidize and are potent initiators of atherogenesis and its associated vascular damage. M. oleifera leaves were found to possess hypolipidemic and antiatherosclerotic activities, and have therapeutic potential for the prevention of cardiovascular diseases (Chumark et al., 2008) . The inhibitory mechanism of flavonoids against glycation may be due to their antioxidant properties (Wu and Yen, 2005) . A reduction of more than 50% AGE intake could reduce approximately 30% of the circulating AGE within 1 month (Peppa et al., 2003) . MOE is efficient enough to inhibit AGE formation. However, the inhibitory effect of MOE was less than half of that of amino guanidine (Table 2) . MOE is a natural source that has been long consumed as food or herbs. Therefore, M. oleifera provides a safe, cheap, and easy to handle source of alternative medicine. Moreover, the bioactive phenolic glycoside, 4-[(2′-O-acetyl-α-L-rhamnosyloxy) benzyl] isothiocyanate, of M. oleifera was found to decrease inducible nitric oxide synthase expression and inhibit cyclooxygenase-2, which shows its potential for anti-inflammatory and cancer chemoprevention activities (Park et al., 2011) .
According to the HepG2 cell viability test, 2000-3000 mg/L MOE significantly reduced the number of living cells. In oxidative stress-induced ROS production detected with the DCFH-DA assay, we found that 100-1000 mg/L MOE could reduce oxidative stress in HepG2 cells. Therefore, the toxic effect of MOE at high doses may be due to its inhibitory or stimulatory actions via kinase signaling pathways, which are likely to affect cellular functions by altering the phosphorylation state of target molecules and by modulating gene expression (Williams et al., 2004) . These findings suggested that MOE at high concentrations might not be appropriate for health-promoting purposes. Other studies have indicated that lower concentrations of flavonoids (nanomolar level to low micromolar levels) could lead to antioxidant response element-mediated gene expression, including that of phase II detoxifying enzymes. In contrast, higher concentrations of flavonoids may sustain the activation of mitogen-activated protein kinases or stress-activated protein kinases, which could induce apoptosis Kong et al., 2000) and direct activation of the caspase cascade in the mitochondrial pathway by inhibiting survival signaling (Granado-Serrano et al., 2006) . Several studies have described the adverse actions of flavonoids at the cellular level. For example, due to the toxic effects of flavonoids at high concentrations, DNA strand breaks are induced when using flavonoids such as quercetin and kaempferol (Beatty et al., 2000; Niering et al., 2005) .
Using the RT-PCR method for analyzing the effect of MOE on lipid metabolism gene expression, MOE was shown to significantly decrease the expression of the HMG-CoAR, PPARα1, and PPARγ genes of HepG2 cells. MOE inhibited lipid synthesis by downregulating HMG-CoAR, PPARα1, and PPARγ gene expression, which reduced lipid metabolism. Furthermore, MOE also reduced glucose metabolism by downregulating PPARγ gene expression inside the cells. PPAR-α and PPAR-γ are crucial for lipid and glucose metabolism, respectively. The discovery of PPAR-α and PPAR-γ agonists, such as fibrates and thiazolidinediones, respectively, showed that they might be involved in reducing the adverse effects of chronic disorders such as atherosclerosis and diabetes (Kota et al., 2005) . The present study showed that these particular genes might regulate energy metabolism in the HepG2 cells. Other natural products have been used to examine lipid lowering effects, such as hesperidin, naringin (Jung et al., 2006) , resveratrol (Do et al., 2008) , and curcumin (Jang et al., 2008) , which could also decrease hepatic HMG-CoAR. In contrast, red wine polyphenols (Pal et al., 2003) and anthocyanins in black sticky rice (Sangkitikomol et al., 2010) have been shown to increase hepatic LDLR. In addition, β-sitosterol in M. oleifera leaves has also been shown to decrease intestinal uptake of cholesterol (Lin et al., 2010) . In conclusion, these results suggest that M. oleifera could decrease plasma cholesterol and lipid synthesis by suppression of HMG-CoAR, PPARα1, and PPARγ gene expression, thereby maintaining lipid homeostasis.
